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Abstract
Identifying of global or national biodiversity ‘hotspots’ has proven important for focusing and prioritiz-
ing conservation efforts worldwide. Canada has nearly 600 Important Bird and Biodiversity Areas (IBAs) 
identified by quantitative criteria to help guide avian conservation and management. Marine IBAs capture 
critical waterbird habitats such as nesting colonies, foraging sites, and staging areas. However, due to their 
remote locations, many lack recent population counts. Canada has begun transitioning IBAs into the 
global Key Biodiversity Areas (KBA) program; KBAs identify areas that are important for the persistence 
of biodiversity and encompass a wider scope of unique, rare, or vulnerable taxa. Assessing whether IBAs 
qualify as KBAs requires current data – as will future efforts to manage these biologically important sites. 
We conducted a pilot study in the Chain Islets and Great Chain Island IBA, in British Columbia, to as-
sess the effectiveness of using drones to census surface-nesting seabirds in an IBA context. This IBA was 
originally designated for supporting a globally significant breeding colony of Glaucous-winged Gulls 
(Larus glaucescens). Total nest counts derived from orthomosaic imagery (1012 nesting pairs) show that 
this site now falls below the Global and National IBA designation criterion threshold, a finding consistent 
with regional declines in the species. Our trial successfully demonstrates a flexible and low cost approach 
to obtaining population data at an ecologically sensitive KBA site. We explore how drones will be a useful 
tool to assess and monitor species and habitats within remote, data-deficient IBAs, particularly during the 
transition to KBAs.
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Introduction

Important Bird and Biodiversity Areas (IBAs) are sites that contain a recurring pres-
ence of one or more regionally or globally threatened species (BirdLife International 
2010). These sites are designated using standardized selection criteria that apply nu-
merical thresholds (e.g., occupied by a minimum % of a global breeding population) 
to determine the significance of a site for conservation; these thresholds are applied 
consistently to sites around the world. IBAs are continually recognized for their influ-
ence and significant use for conservation policies in multilateral environmental agree-
ments, site protection and land-use planning, and for their involvement in driving 
locally-led stewardship programs (Wren and Couturier 2009; Waliczky et al. 2018).

The International Union for Conservation of Nature (IUCN) developed a process 
to identify Key Biodiversity Areas (KBAs) that was released in 2016; this conserva-
tion tool aims to identify sites that are important for the persistence of biodiversity 
and encompasses all taxa, as well as ecosystems in the assessment process. The criteria 
and thresholds for assessments of KBAs builds on the approach of the IBA program 
and other conservation framework tools, while bringing in other criteria based on vul-
nerability and irreplaceability (IUCN 2016). Species-specific KBA assessments require 
population data collected through field surveying and monitoring, and a gap analysis of 
the KBA program has identified the need for updated survey data to ensure sites origi-
nally designated as IBAs still meet their respective thresholds under KBA criteria (Lang-
hammer et al. 2007). Although systematic and effective field-based protocols have been 
developed for monitoring IBAs (BirdLife International 2006), limitations to conduct-
ing surveys such as accessibility leaves some sites with a lack of updated and accurate 
data. Among these are remote or otherwise difficult to access marine sites worldwide.

As the world’s second-largest nation (9.98 million square kilometres), Canada lacks 
the biodiversity of smaller tropical countries, but has many areas of critical importance 
for aspects of temperate biodiversity. There are currently 581 sites identified as IBAs 
throughout the country. Approximately 64% of these IBAs are considered data defi-
cient (Evans 2022), meaning they cannot currently be established as KBAs due to the 
lack of consistent and reliable data for the given ‘trigger’ species (i.e., the species meet-
ing KBA criteria at a given site) . A significant number of these IBAs border Canada’s 
coastlines and are designated for seabird breeding colonies, foraging areas, or coastal 
stopover sites for migratory shorebirds (Wren and Couturier 2009).

As with other nations, a high proportion (approximately 75%) of Canadian 
data deficient IBA sites are coastal and marine. Monitoring seabird colonies through 
field surveying is often expensive, difficult, and dangerous, and will invariably cause 
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disturbance to nesting birds (Burger 1997). Thus, new approaches to data gathering 
should be considered in order to obtain information sufficient to retain such remote 
and important sites if they do meet the quantitative criteria for KBA designation. 
Remotely Piloted Aircraft Systems (RPAS), or drones, are increasingly being used for 
ecological research in areas that are difficult or dangerous to access (Watts et al. 2008). 
The use of drones to survey seabird colonies provides an opportunity to access sites that 
are otherwise challenging or hazardous to access directly. Compared to ground-based 
survey methods, RPAS can also allow for increased spatial coverage and frequency of 
surveying, reduced risk of entering remote island locations, and increased accuracy of 
counts (McClelland et al. 2016; Hodgson et al. 2018). Additionally, RPAS can be of 
a similar cost to or less expensive than ground-based surveys, and, as capabilities are 
improved, costs will likely continue to decrease.

In this study, we used RPAS technology to estimate an IBA population count of a 
colonial-nesting seabird, the Glaucous-winged Gull (Larus glaucescens). Our objectives 
were to support the IBA program’s evolution to a KBA-based initiative; to explore the 
overall feasibility of using drone-based applications to obtain reliable IBA or KBA data; 
and to assess the current status of a nationally important seabird colony. This study 
location has historically supported one of Pacific Canada’s largest breeding colonies of 
Glaucous-winged Gulls, as well as migratory aggregations of as many as 2000 Brandt’s 
Cormorants (Urile penicillatus) in the area. For this reason, it was categorised as an A4i 
IBA and D1 KBA site, one which is “known or thought to hold 1% or more of a bio-
geographic population of a congregatory waterbird species on a regular basis” (Moore 
and Couturier 2011). We wanted to use our counts to help determine if the area still 
meets the threshold that it was originally assessed for when it was designated an IBA 
25 years ago, prior to the steep decline observed in this gull species beginning in the 
1980s (Blight et al. 2015).

Methods

Study Site

Our study took place at the Chain Islets and Great Chain Island IBA, a cluster of small 
islets and rocky outcrops along the marine coastline south of the City of Victoria in 
the Strait of Juan de Fuca (48.42°N, 123.28°W), British Columbia (Fig. 1). This site 
also comprises the Oak Bay Islands Ecological Reserve. The IBA is 1.38 km2 in size and 
consists of rocky flats and rocky shorelines with grass and sedge meadows, and sand 
flats throughout. The rocky islets within the IBA are sparsely vegetated, Great Chain 
Island is the largest and the most vegetated island with a herbaceous cover. Both Great 
Chain and the rocky islets are used by nesting and migrating seabirds. As this site lies 
within an introgression zone (Bell 1996), our references to Glaucous-winged Gulls 
include any Western Gull (L. occidentalis) × Glaucous-winged Gull hybrids.
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Figure 1. Great Chain Island & Chain Islets IBA, British Columbia, Canada. Environment and Climate 
Change Canada, 2022.

Flight/drone specifics

RPAS flight operations and protocol were selected to be consistent with a previous 
study in the region (Blight et al. 2019). Drone imagery for this study was collected us-
ing a multi-rotor RPAS (DJI Mavic 2 Pro) with a 20-megapixel Hasselblad L1D-20c 
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aerial camera. Flights were performed on 21 June 2019 from 0859 to 1257 h, with 
operations run from the aft deck of a 42-foot former commercial fishing vessel. The 
survey date was chosen based on known local breeding phenology of Glaucous-winged 
Gulls and was meant to capture the maximum number of occupied nests, when breed-
ing adults are likely either incubating eggs or brooding newly hatched chicks (Blight et 
al. 2014). Weather conditions on the day of the flight were clear skies with flat, calm 
water and minimal wind speed (~Beaufort 0–1).

Flights were pre-programmed through drone mapping software (DroneDeploy, 
www.dronedeploy.com) to run single straight-line paths across the colony, offset to 
achieve consistent sidelap and followed by a return to the stationary vessel. Due to 
strong tidal currents in the region, the vessel motored in place instead of dropping 
anchor, with all vessel operations occurring outside the Ecological Reserve boundary, 
approximately 650 metres from Great Chain Island; this distance was well beyond the 
100 m launch distance recommended by Vas et al. (2015) for minimising effects on 
waterbird behaviour. The drone climbed vertically until survey altitudes were achieved 
and then flew horizontally over the colony. The altitude above ground level of the 
drone flights varied from 90–65 metres, with initial flights starting at 90 meters, a 
height at which we observed no disturbance in an earlier study in the region (Blight 
et al. 2019). Flight altitude was adjusted according to the natural topography of the 
islands and generally decreased for each subsequent flight after no Glaucous-winged 
Gull disturbance was observed.

Image capture was via a 28 mm lens on auto-exposure mode, certain flight specifics 
such as speed over ground and photo intervals were set by front-lap and side-lap re-
quirements within the drone software. As flight altitudes and topography were variable 
throughout the six flights, ground sample distance (GSD) also varied. GSD ranged 
from 1.41 cm/pixel at 60 meters altitude to 2.11 cm/pixel at 90 meters. Drone flights 
were operated using one pilot and one visual observer, along with two additional ob-
servers monitoring the colony for any evidence of disturbance to nesting gulls during 
drone operations.

Data overview

We used photogrammetry software to process drone flight images and create orthomo-
saics of the study area. Clear weather on the day of the flight generally created optimal 
light conditions for subsequent visual assessment of the orthomosaic imagery. How-
ever, solar glare on the less-vegetated small islets (approx. 33% of the colony) rendered 
a subset of the images overexposed; these islets were excluded from subsequent analysis. 
Orthomosaics of Great Chain were enlarged and visually scrutinised on-screen for oc-
cupied gull nests; these were readily apparent as the white and pale grey plumage of 
an incubating gull contrasts strongly with its background of rock and vegetation, and 
its posture is distinctive (Fig. 2). Thus, we assumed that each incubating bird repre-
sents a nesting pair; as two mates may attend one nest, two birds sitting side by side 
in an incubation pose were counted as a single pair. The Glaucous-winged Gulls we 
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Figure 2. Gull nests detected within an enlarged portion of orthomosaic imagery.

identified were primarily on nests, birds flying overhead and apparently roosting along 
the shoreline were also visible but were not included in the total nest count. As each 
individual nest was counted, a pin was placed over it to eliminate duplicate counts. 
The orthomosaic encompassed Great Chain Island as well as several of the small islets 
situated within the IBA (Chain Islets; Fig. 1).

Results

We conducted six flights capturing the entire IBA in 537 raw images. In the orthomo-
saic of Great Chain Island (Fig. 1), 1012 active nests were counted in total. Imagery 
from the drone overflights was sufficient to census the breeding population of our 
target population over about 67% of its nesting colony. However, the smaller rocky 
islets proved difficult to survey, with little vegetation cover and a surface layer of white 
gull guano; they were subject to solar glare and resultant overexposed imagery. Survey 
data collected in 2009 indicated 464 nests within the small islets of the IBA (33% of 
the colony). Using these data, we then assessed the counts against the KBA criteria to 
determine if this site still reaches the specific thresholds to categorize it as a KBA.

At all flight altitudes, no reaction was observed from nesting gulls during drone 
overflights, with the only alarm-calling or flushing by gulls observed when a single Bald 
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Eagle (Haliaeetus leucocephalus), a gull predator, flew low over the colony on one oc-
casion. No other seabird species were detected through the imagery analysis. The only 
other vertebrate species observed remotely on land was Harbour Seal (Phoca vitulina).

Discussion

Our study successfully demonstrated an approach to using RPAS to survey and evaluate 
the population status of a colonial seabird at an ecologically sensitive and difficult-to-
access site, in the context of monitoring an existing Important Bird and Biodiversity 
Area. The area overflown during the flights is natural, open rocky topography which 
generally creates an ideal setting for this type of analysis. The imagery captured from the 
flights was sufficient to analyze the large island within the IBA, however, some of the 
smaller rocky islets with little vegetation proved difficult to assess due to the high sun 
glare off the rocks and therefore were excluded from this trial. However, we were able to 
make use of previous surveys to estimate the nest counts for this minor part of the col-
ony. Our project budget did not extend to extensive post-processing work, but we sug-
gest that under similar conditions it might be possible to adjust exposure on each image 
prior to stitching the orthomosaic together to allow for a clearer visual of overexposed 
tiles. Alternatively, for rocky seabird colonies on light-coloured and/or guano-coated 
rocky substrate, drone surveys might best be scheduled for overcast days. The smaller 
islets within the IBA were not counted during this study, however with the addition of 
a 33% count of 464 nests (928 individuals), the total population of 1476 nests (2952 
individuals) still would not qualify the site under the existing KBA thresholds.

KBA assessment and population trends

Our count results were similar to ground-based survey data collected a decade earlier 
(Blight et al. 2015) as well as more recent estimates by Ecological Reserve wardens 
(J. Sirois and M. Lambert, pers. comm). Our drone-based count confirms that the 
breeding population now falls below the KBA threshold to designate this site, a find-
ing consistent with regional declines in the species (Blight et al. 2015). The estimated 
total of 2952 individuals accounts for approximately 67% of the threshold needed 
to classify this site as a KBA. Currently, to reach a national threshold for Glaucous-
winged Gull, an aggregation representing 1% or greater of the national population 
size over a season, and during one or more life history stages is required, resulting in a 
threshold of 4,400 individuals. Globally, the same requirements are necessary, result-
ing in a threshold of 4,700. While this specific site no longer qualifies for KBA status, 
there is potential to extend the boundaries of this site to create a larger KBA with the 
inclusion of a similar sized colony nearby, Mandarte Island. These two sites, combined 
with Mitlenach Island in the northern Strait of Georgia, account for a quarter of the 
breeding gulls in British Columbia (Booth 2001). In Pacific Canada, there are 10 
other IBA sites with Glaucous-winged Gull as the trigger species that could be candi-
dates for future RPAS analysis.
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Canada is one of the first countries globally to transition IBAs to the KBA pro-
gram. Two main challenges identified in the program crosswalk relating to survey data 
are data age and repeatability (Birds Canada, pers. comm.). “Lack of population data” 
was listed as a key methodological issue in six out of seven regions in an early assess-
ment of KBA progress globally (Foster et al. 2012) and it remains a challenge in the 
development of the program. While drones and other remote technologies are not 
a panacea for this problem – particularly where lack of funding is a key issue – ex-
panding the type of approaches available is important for some data-deficient sites, 
as demonstrated by this study. Recent literature explores the potential use of semi-
automated counts on drone imagery of breeding waterbirds through free software and 
highlights the effectiveness and accessibility of this method as a low-cost alternative to 
manual counts for conservation use (Francis et al. 2020; Corregidor-Castro and Valle 
2022). The cost of this survey was comparable to the 2-day field operation required to 
undertake this census as a ground-based survey. This semi-automated method can be 
especially cost-effective for areas such as IBAs that need accurate repeat surveys and for 
large areas that are difficult to access (Francis et al. 2020).

Drone applications

Though the use of RPAS technology has rapidly increased, gaps remain in establishing 
best practices for surveying sensitive species (Vas et al. 2015) and literature on methods 
and guidelines for this approach continues to evolve (Vas et al. 2015; Rush et al. 2018; 
Weimerskirch et al. 2018; Francis et al. 2020). The technique utilized in this study 
caused no evident disturbance to nesting birds, as was anticipated based on previous 
work in the region (Blight et al. 2019). However, our study’s IBA is located less than 
2 km from the City of Victoria and birds may be habituated to air traffic due to their 
proximity to the Victoria aerodrome. Though Glaucous-winged Gulls are considered a 
non-sensitive species in this context, lack of disturbance is an important survey factor for 
colonial bird studies, especially during sensitive life cycle stages including breeding. Gel-
dart et al. (2022) studied the heart-rate response of drone surveys on colonial-nesting Ei-
der ducks (Somateria mollissima), in Nunavut, Canada; their results indicated no physi-
ological stress response from drones flying 30 m above the nesting colony. However, the 
authors highlight that other species may perceive a greater threat to drones, specifically 
avian species that may experience adult predation from other avian predators (Geldart 
et al. 2022). This study, among others, allows researchers to better understand the be-
havioural and physiological response of birds to drones and highlights that, when done 
properly and in accordance with available guidelines to avoid disturbance to seabird and 
waterbird colonies, RPAS can allow for a less invasive surveying method that provides 
adequate coverage of a site in significantly less time compared to land-based surveys.

Drone surveying can not only assist in the establishment of KBAs but can provide 
critical population and habitat monitoring which can indicate habitat loss or degrada-
tion. It is evident that climate change will continue to pose stressors that may lead to 
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fluctuations in biodiversity, potentially impacting elements for which a conservation 
site was initially designated (KBA Canada Coalition 2021). Bollard et al. (2022) ex-
plore drone technology for mapping protected areas in Antarctica to provide baseline 
vegetation inventories and ecological data for future monitoring. This method proved 
useful in obtaining vegetation maps that show spatial cover with higher accuracy and 
resolution, though small intricate taxa such as lichen and cyanobacteria could not be 
accurately monitored through this method (Bollard et al. 2022). The low impact of this 
survey method at a sensitive site, combined with its repeatability and inexpensiveness, 
made this a successful demonstration of collecting baseline data for a protected area.

While our study only used RPAS to obtain a viable count of breeding gulls, the 
imagery could be used to indicate the area of occupancy, the extent of suitable habitat, 
and the range of such habitat for this and other species; these are all metrics that are 
considered acceptable to assess qualifying KBA sites (KBA Canada Coalition 2021). 
Further, such metrics can be monitored over time to indicate future changes to habitat 
and ecosystems. The drone imagery was high-resolution enough and the visibility on 
our survey day clear enough for us to view the extent of the underwater kelp (Nereo-
cystis luetkeana) forests surrounding the archipelago, as well as macroalgae in the inter-
tidal zone (cf. Cavanaugh et al. 2021; Tait et al. 2021), indicating the utility of drone 
imagery for assessing multiple species and habitats at a target site. This methodology 
could prove useful for assessing a range of species across various landscapes to support 
the KBA assessment process.

Conclusion

Obtaining updated population data is critical to understanding change and detect-
ing risks to biodiversity. Drones provide the opportunity to significantly advance our 
understanding of environmental changes, especially within remote environments. The 
results of this study add to growing literature showing the effective use of drones in 
surveying surface-nesting birds in natural, hard-to-access settings. In a rapidly chang-
ing world where biodiversity continues to decline, obtaining accurate inventory data 
to capture that change remains a logistical challenge for many IBAs (Donald et al. 
2018). Adapting to such rapid change with new technologies can allow for systematic 
monitoring and updated data for both wildlife and ecological communities as KBAs 
and protected areas are established and continue to evolve.
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